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1.8 Introduction

The SAI/NORDA sigma coordinate ocean forecasting com-

puter code (sigma code) is a complex tool for predicting

ocean temperature, salinity, density, sound speed, and the

three components of current velocity as functions of

location and depth. The non-uniform sigma vertical repre-

sentation is used to simplify the treatment of the severe

topography encountered in the ocean and to concentrate

computation levels near the surface. A stable, temporally

implicit finite-difference representation of the model
L

differential equations allows the use of large time steps.

The basic code has been developed under past

contracts (see references). The testing of the model,

however, has been limited by the simple no-flux lateral

boundary conditions installed in the model during its

development.

This report will discuss the development and partial

implementation of open boundary conditions into the model.

Also presented are the results of a series of smaller

tasks which have been undertaken to increase the code's

usefulness. They include new mechanisms for data

initialization, new output options, and the conversion of

the code to the VAX super minicomputer.

Finally, initial results will be presented for a

study of ocean behavior in the semi-closed basin of the

Eastern Mediterranean.
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2.1 Open Boundary Conditions

The original form of the code used a very simple

lateral boundary condition; no flux was allowed. This

r~.gid wall approximation, while useful for testing, is not

I valid for any ocean region of interest. All ocean areas

have significant inflow and outflow.

Two approaches were taken for providing open

boundaries. The first is a simple condition, which can be

* of use in regions where the flow in and out is of limited

spatial extent. Two examples are the Gulf of Mexico and

*the Mediterranean. This scheme will be discussed in

section 2.1.

A more realistic approach requires full information

about temperature, salinity, and velocities at each point

of the simulation region boundary. To provide such

information, a nested run approach was undertaken. In

this scheme, a coarse run in performed over a large

region. This run stores initial and boundary data, which

is used by a second run whose simulation region is nested

within the region of the large run. Because of the very

* complicated spatial representation used within the Sigma

i Code, this second approach requires very complex coding.

I The partial implementation of this second approach willL

* be described in section 2.

2



2.1 Flux Specified Boundaries

In this approach, a single flux is specified for each

of the four edges, of the system. A function of lateral

area is used to determine how much of the total flux

will be deposited at each spatial location. For example,

if the west edge of a simulation region is all land,

except for a narrow strait, virtually all the flux will

occur at the strait. This follows from the fact that the

strait contains all the lateral area for that edge of the

system (see figure 1). It should be remembered that in

the sigma code there are a full set of computational

levels, even over land areas. This scheme ensures that

40 over such land areas, no flux will be allocated.

I

The flux at each lateral point is given by

Un -A*f(t)*U(ik, zbp DINFL, DINFLS)

9D

where A is determined belowl f(t)l -exp(-ISTP/30) with

ISTP the time step number, and U is the functional

dependence of the vertical profile. We define

IVI+w where .

z -Z
b

W DBOTBL and

V= DINFLS-Z
(DINFLS+Z) (1+ Z/DINFL)

3
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DINFL, DBOTBL, and DINFLS are given as input parameters, z

is the depth, and zb is the bottom depth. DBOTBL, through

W, controls a function which linearly drops from zb/DBOTBL

at the surface, to 0 at the bottom.

The function V determines the actual shape of the

vertical profile. DINFL sets the approximate depth of the

inflow. Since it is sometimes desirable to have bothS
inflow and outflow occuring at the same location, V

changes sign at depth DINFLS. By setting DINPLS very

large (l.ElI),, no sign change occurs, and V is always

positive. When DINFLS is 0., the sign change occurs at

the surface, and V is always negative.

The constant A is adjusted according to

FLUXIN -AEUan

so that the total flux at each edge totals up to the input

parameter FLUXIN. U is as defined above, an is a geometry L.

factor which depends on the edge being specified, and the

sum runs over all points on the edge.
CI

There are two modes of operation for this boundary

condition. The first is unidirectional flow. The user

sets DINFLS large (>l.El), and sets DBOTBL, DINFL, and
L--

FLUXIN for the desired flow.

The second mode is bidirectional flow. In this case,

the user can set the ratio of inflow to outflow, DINFLR.

The code, by an iterative scheme, adjusts one of the

4 :C::?:
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* other variables to obtain the correct ratio. If DINFLR>0,

DINFLS is adjusted. DINFLR<I is a way to adjust DINFL

instead. For best results, a good guess for DINFL and

* DINFLS should be made. By running the code with NSTEP-O,

the final value of DINFLR can be compared to that

requested.

* The input variables are:

FLUXIN(i) total flux (outward) for this edge,
DBOTBL(i) scaling factor for linear profile,
DINFL(i) depth of inflow,
DINFLS(i) depth of sign change, and
DINFLR(i) ratio of inflow to outflow.

Here i determines which edge of the system according to

i=l west edge
2 east edge
3 south edge
4 north edge

The adjustment of DINFL or DINPLS, and the determination

of A is performed in new subroutine FLUXST. The flux

calculated by this scheme is added to the velocity arrays

in UVBND.

5
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2.2 Open Boundary Conditions Based on a Nested Run

A nested run consists of a fine resolution run whose

simulation region is located within the simulation region

of a coarse, larger area run. (See Figure 2). There are

four aspects of such a simulation. One, a coarse

simulation is performed. This run writes out both data

for initialization of the fine run, plus boundary data onS
the embedded boundaries. Second the fine run performs a

complex interpolation from this data to obtain an initial

condition. Third, the fine run performs a complexC.|

interpolation, at each time step, to find appropriate

values along its boundary. Fourth, these boundary values

are used in a suitable boundary condition. Each of these

steps will be described below.

2.2.1 Coarse Run

The initialization data written out by the coarse run

consists of temperature, salinity, pressure and velocities

over a region which encompasses the fine region. All the

coarse data is not needed, and it is not written out.

There may, however, be more than one fine region nested V

within a particular coarse region. The data for each fine

region is written to a different file.
CL

The number of such subregions is specified by input

parameter NREGON. For each of these NREGON subregions,

the location of the boundaries is specified by:
CL

60
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SAVLLO(i) west edge of region i in degrees
SAVLHI(i) east edge of region i in degrees
SAVPLO(i) south edge of region i in degreesSAVPHI(i) north edge of region i in degrees.

The coarse run uses these input variables in

* subroutine REGNST to establish the areas on its grid that

will have to be written out for each of the subregions.

It also determines the locations of its grid lines which

* lie on either side of the embedded boundaries, for both T-

S and U-V data, again for each subregion.

At each time step, subroutine SAVREG is called to

write out the appropriate data. The writing of data is

controlled by:

SAVSTR(i) time step of initial write for region i.
SAVINC(i) modulus on time step to perform write for

region i.

On only the initial write, data for initialization is

written out. On this, and all subsequent writes, boundary

* data is written. Each subregion has its own file.

Therefore, the location and frequency of the data may be

completely different for each subregion. The file unit

number is 70 + i, where i is the region number.

Subroutine RWBND is used to read or write the

boundary data.

2.2.2 Initialization of Final Run

The data written out by the coarse run must be

interpolated onto the fine mesh of the nested run. This

is complicated by the complex spatial representation of

7



the sigma code. As can be seen in Figure 2, the lateral
60

mesh spacing may be nonuniform and arbitrary. As shown in

Figure 3, the vertical spacing is nonuniform and depends

both on the topography, and the number of vertical levels.
SD

In a typical simulation, no two grid nodes are located at

the same depth.

The initialization in the sigma code is performed by

one of the OCASEO routines. For the nested run the input

parameter CASE is set to 8. This causes subroutine CASE8

to be called to perform an initialization from coarse run

data. Storage must be carefully handled so that no excess

array space is allocated. To do this, CASE8 was designed

as a dummy routine to handle storage for subroutine CASE8A

where the actual interpolation is performed.

In CASE8A an interpolation is performed using the 8

surrounding data points from the coarse data. Weight

factors are determined, and then the new value is

calculated from, 8
Sw X (i)

Xf i=l . -L
Xf 8 -

W

Because of the representation, the eight weights have
different values for each of the fine mesh grid points.

Additional problems arise because of the use of real

topography. In Figure 3, point A is a possible location

of a fine mesh point. It can use the coarse value to the

8
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left, but the coarse value to the right does not lie deep

enough for point A, and it cannot be used. The

interpolation scheme is therefore modified to exclude the

point to the right, and the weights for the points

actually used are corrected.

Point B is the location of a second type of problem.

At this location no coarse data is available at the depth

of point B. For this problem a different procedure is

used. Subroutine CASE8B is called to perform a spline

extrapolation of the surrounding data to obtain values at

the correct depth. Then a four point lateral

interpolation of these extrapolated values is used to --

obtain a reasonable result. This involved proce.dure is

only used for temperature and salinity values. For a

velocity point at location B, when no coarse data are

available, the velocity is set to zero. This ensures that

no artifical flows will result.

It should be noted that different weights are

required for temperature-salinity (T-S) and velocity data,

since T-S data locations are spatial shifted from velocity

locations.

2.2.3 Determination of Boundary Value Data for Fine Run

At each step during the fine run, the values of

temperature, salinity, the velocity, and the pressure must

be determined at the location of the physical boundaries

of the smaller system. These values are calculated, and

9
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* put into a set of two-dimensional arrays. These arrays

are used by the boundary conditions in determining the

values of the relevant quantities at the guard cells. It

0 should be noted that these boundary values are not used

directly# but are used in the application of the boundary

conditions.

.* Data is written out on both sides of the boundary by

the coarse run. Since T-S and U-V data are spatial

displaced, these surrounding boundary planes are located

differently for the two types of data.m

Subroutine EXBND is used to determine the values of

data on the boundaries. As in the use of CASEB, EXBND

* acts as a storage manager for EXBNDA, where the actual 1
interpolation is performed. The interpolation scheme is

the same as that used in CASE8Ap with subroutine CASE8B

* used here also for points out of range.

2.2.4 Implementation of Heated Boundary Conditions

C Our planned implementation of nested boundary

C- ,

conditions is based on a major extension of the analysis

in § 4.4 of the prior study (Roberts, 1982). In that

section we studied the reflection and transmission

properties of different sets of open boundary conditions 

applied to the one-dimensional wave equation, and

demonstrated that the spurious waves could be reduced to

Cle
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a minimum by imposing S

cun + p

on the boundary, where p is the scaled pressure, un is the
S

outward flow, and c is the local phase speed of the wave.

The success of this method follows from the fact that the

0 outward and inward propagating wave modes have
S

Cun g +p

respectively.

In the prior report we reached the conclusion that a

generalization of this boundary condition to the three-

dimensional sigma code, with rotation, diffusion,

stratification, and bottom topography effects, in addition

to the surface gravity waves, was impractical. In§ 5 we

outlined a simpler set of boundary conditions based on the

normal flow and on conservation requirements.

However, we now believe that for most situations of

interest, spurious surface and internal gravity waves

generated at the open boundaries by poorly chosen boundary

conditions will pose the greatest problem in nested

computations. We therefore plan to implement a

generalization of the above boundary condition to the full

three-dimensional sigma-coordinate system of equations.

Our boundary conditions are

11:..
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n ( [ T + og (z z )
Un Und +F d- d)

+ a Ul) 0

nn + a(Tnn Ta) = 0
n d

n n + gnn_ Sd 0

'Here

0 un and u11 denote the velocity components outward and

parallel to the boundary,

in and ildenote averages of adjacent mesh values in the

same directions, for any variable f,

fd denotes data values obtained by interpolation from the

previous coarse run, at the appropriate positions and

times,

a is a positive function of un6x/KH, and is zero for large

values (passive outflow condition) and very large for

negative values (value imposed on inflow),

6n n is the difference over two mesh intervals (outside

minus inside) divided by two,

Tnn is the mean of the outside and inside values, ignoring

the boundary value (a non-standard notation),

g is (z-zb)/(l+z/zi)

B is zero or is chosen so that the total normal is an

imposed value obtained from data on the movement of the

free surface.

F is an operator designed to separate the internal wave
t

modes, and divide each by an appropriate wave speed c; the

12
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S simplest operator option is to divide by a single imposed

c value.

These boundary conditions replace our previous

* conditions -
-nU =Un

n n = 0

6n = 0n
k ,.

For our Mediterranean simulation we imposed a nonzero U

distribution; U has otherwise been zero.

2.2.5 Status of Implementations

The first three steps have been implemented, and

preliminary tests performed. Coarse runs have been used

to write out initial and boundary data. Fine runs have

read in initial data, and have interpolated this data to

get an initial condition for the system. In addition, the

boundary data has been interpolated to obtain values of

the relevant quantities on the boundaries.

There has been insufficient time, however, to
- L-

implement the algorithms of Section 2.2.4. These

algorithms will go into subroutines TSBND and UVBND, and

will use the boundary value data which now exists in the

code.

13
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* Subroutines which have been changed and new

subroutines are listed in Appendix A.

* 14



3.0 External Data for Initialization

The quality of a simulation is very dependent on the

quality of the data used for the initialization of the

run. It is, therefore, very important to use the best

quality data available for initialization. OTS and EOTS

data is of better quality than climatology, but such data

does not go deep enough to initialize the entire

simulation region. The best solution, therefore, is to

smoothly merge two data sets to provide OTS or rOTS where

available, and climatology where not. The transition

between the two data sets must be smooth, or numerical

noise will result.

If TE i6 OTS or EOTS data, and Tc is climatology
I

data, the procedure is as follows. For depths above the

lowest TE point (z-d)

T - TE(z), (zjd)

where TE at arbitray values of z are determined from a

spline fit. For z>d,

H T - Tc(z) + ATf(z) + AT'g(z) S
Here Tc(z) is again obtained from a spline fit, and

AT- T- Tc at z- d

AT' a T'E - T'c at z = d

The functional forms of f and g are given as

f(z) - -exp (I- ),

g(z) - (z-d) exp(l-z).

is
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At z - d these functions result in

f(d)=l , f (d)=,

g(d)-O , g'(d)=l.

The implementation of this capability involved two sets of

changes. First the data tape handling program TAPER2 had

to be slightly modified to create a data file with both

OTS (or EOTS) and climatology. Secondly, two new CASE

routines, CASE6 and CASE7 were written to read in the

combined data, and to perform the merging. CASE6 merges

OTS and climatology, while CASE7 handles EOTS and

climatology.

In practice, two TAPER runs are used to produce the

combined input data set. The listing in Appendix B is an

example which shows the procedure. A TAPER2 run is used

to read in the appropriate OTS (or EOTS) data. Then a

TAPER3 run is used for the climatology data. The output

of TAPER3 is appended onto the output file from TAPER2 to

form the required input data file.

In the sigma code run, one simply assigns the data

file produced by the TAPER runs. Then the CASE input

parameter is set to 6 for OTS, or 7 for EOTS, and the

proper initialization is performed.

-~~~~~ -. --

16..

I



4.0 Enhanced Output Options

The sigma code has an extensive set of output

options. Graphics output can be produced of all relevant

data fields, on either plotting devices, or as printer

plots. Several desired enhancements in the existing sigma

code output were identified, however, and they are the

subject of the current section.

The geostrophic velocity is the velocity that results

from the balance between the horizontal pressure gradient

and the horizontal component of the coriolis acceleration.

It provides useful information about the state of the

physical system being simulated. Therefore, plots of the

geostrophic velocity were added as an output option.

The geostrophic velocity is calculated during the

vertical sweep through the mesh by UVDOTB. Rather than

* allocate an additional three dimension array to hold this

information, each two dimensional slice is written to a

disk file by UVDOTB as calculated. At the end of the

sweep, new subroutine UVGEO reads this information into a

three dimensional scratch array, from which it is written

onto the plot file.

Subroutine OCPLOT, in the plotting package, was

modified to create plots from this newly available data.

A typical output plot is shown in Figure 4.

In addition to this new capability, three

17
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enhancements were made to the existing code. First# on

restarts, because of the way time step numbering was

handled, plot specification did not work properly. This

was corrected by a complete revision of time step handling

on restarts.

Second, the orientation of the plots of vertical

profiles was awkward, and did not follow the conventional

orientation for such plots. This has now been corrected. .

Third, up to now, certain quantities were only

available as printer plots. Now such information can be

displayed on plotting devices. Sample plots of the S

barotropic stream function are shown in Figure 5 and 6.

The required changes to the sigma code are included

in Appendix A. Those subroutines in the plotting program .

which required change are listed in Appendix C.

The capability to plot velocities at a constant depth

is available by modification of the TSPOP post processor.

In the main program, the lateral averaging of the bottom

topography is removed. In addition the calls to MESHST

are changed so that the U-V positions, rather than the T-S I.-J

positions are produced. The resulting code is given in

Appendix D.

is-



5.1 VAX Version of Code

The usefulness of the sigma code increases when it

becomes available on additional computer systems. Because

of the wide spread availability of the VAX 11/780 super

minicomputer, it was decided to install the sigma code on

this machine.

The code has been installed on the VAX and a sample

output plot from a simple test run in shown in Figure 7.

The code runs much in the same way as it does on the TI-

ASC computer. The VAX files used by sigma code are listed

below:

Unit
Number Name Use Preexisting

1 SIGRUNLOG Log File Yes
2 SIGBTOPOG Bottom Topography Yes
3 SIGTSPLOT T-S Plot Data
4 SIGBUOYIN Buoyancy Coefficients Yes
5 SIGINPUTD Input Data Yes
6 SIGPRINTF Print File

is SIGUVPLOT U-V Plot Data
14 SIGBUOYOU Buoyancy Coefficients (output)
18 SIGINITIA Initialization Data Yes
19 SIGFORCEG Forcing Data Yes
26 SIGQCHEKI Qcheckl Print File
27 SIGQCHEK2 Qcheck2 Print File
43 SIGRESTRT Restart Data Yes S
42 SIGDUMPFL Dump File
so SIGWORKSP Work Space

These files noted as preexisting, must be available

before the run, as needed.

Because it was not known what graphics software would

be available on a particular VAX, no graphics device

19
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output is currently installed. However, printer graphics

are installed, and working as shown in Figure 7.

An estimate of relative timing is difficult, as VAX

timing depends on many factors, including system loading.

A crude estimate shows that the VAX version of the code

runs about a factor of 120 slower than the ASC version.

This is about the ratio that was expected.

* ..

(" p

oo
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6.1 Mediterranean Tests

The sigma code was setup to perform studies of the

eastern basin of the Mediterranean Sea. The process

* involved routine setup tasks as well as two code

modifications. The setup procedure, as well as the code

modifications, will be discussed below.

* 6.1 Setup

The region was established as lb0 -37 E, and 320-38.

N. This includes the eastern boundary, but cuts off

several features at the north and south. Although the

bottom topography was available at 10' intervals, a 20'

spacing was chosen to reduce memory requirements for this

* problem. The numbers of lateral grid points are:

(37-ig)*3+2-83 in the east-west direction, and
(38-32)*3+2=20 in the north-south direction.

Five vertical levels were used. The three code parameters

IF, JF, and KF were reset, and a recompilation of relevant

routines was performed.

The topography was created from the 10' data file by

use of the program tested below (Note: All programs and

listings referred to in this section can be found in

Appendix E). A rigid wall was imposed on the topography

at all lateral boundaries, exept for the Strait of Sicily,

where the inflow-outflow occurs.

21
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Since the forcing and initialization data lies on a

polar-stereographic (PS) grid, the PS limits of the

simulation region were determined. PS data was found to

be required in the grid whose indices ran from 1-45-58,

* and J-31-40.

An initialization file was created from climatology

using the TAPER3 program. This was adequate for testing

purposes. For a better initialization, the procedure of

Section 3 of this report, may be used.

The forcing data was extracted from the data tape

-SAIATM2", by use of the TAPER program. As shown in the S

listing, the data starts on January 7, 1977. A six hour

interval was chosen.

6.2 Code Rodifications

The original formulation for flux specified

boundaries allowed only inflow or outflow at each edge.

The full formulation, as described in Section 2.1, was

implemented to allow bidirectional flow, as required in

the Mediterranean Tests.

The second addition to the code was required because

of a fundamental difficulty in the code. The code solves

for the time evolution of a general variable x by the

process,

x - A(x)

xn+l - xn + F(x,dt).
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A is a representation of the model differential equations,

and F is a fixing (stabilization) operator. For a simple 0

explicit scheme F(x,dt) - xdt. However, such a scheme is

unstable, and very complicated procedures have been used

to develop appropriate formulations for F, for the

equations to be solved here (see references).

Since the Sigma Code solves a three dimensional

problem in a minimum of computer memory, careful attention

was paid to the code architecture. The problem is solved

in slices, with intermediate quantities overwritten as
C.|

each level is solved. This dictates the implementation of

the fixing operator. Specifically, lateral fixing is

performed during the vertical sweep, before the vertical

fixing, which requires a knowledge of all the vertical

levels.

The problem arises because the lateral fixing

propagates the unstable solution horizontally, before the

vertical fixing has modified the result. The vertical

fixing can subsequently stabilize the solution at each

point, due to the physics at each point. It cannot,

however, stabilize the part of the instability which has

been horizontally propagated.

In the past, this problem has been circumvented by

turning off the lateral fixing, thus avoiding the

horizontal propopagation of the instability. Because of

the smaller lateral mesh spacing required in the

23
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* Mediterranean tests, however, the lateral fixing must be

on.

One solution is to add a preliminary vertical

* diffusion model, before the horizontal fixing. This can p

take a number of forms. The simple solution implemented

here is to limit i (i.e. 6), before the horizontal fixing

* process. A new routine DULIM, modeled on routine ULIM has

been written. It sets

V-u

where V-DUMAXN*DT.zb. DUMAXN is under input control, DT

is the time step, and zb is the local depth.

6.3 Results

A preliminary test run was performed. This

simulation is intended to demonstrate that the code is

properly setup to perform studies of the eastern

Mediterranean. No attempt was made to model actual

physical processes. Rather this run establishes

procedures for modeling the eastern Mediterranean.

Additionally, in the process of performing this test,

problems with the code, when applied to this region, were

identified and corrected.

It should be noted that in the figures which follow,

problems, such as inadequate labeling of contour lines,

are problems in the Disapla plotting package. They

24
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* result, in part, from the fact that the ASC computer

center is using an out of date version of Disspla.

Figure 8 is a plot of depth values in the region.

* The values in the interior are the values obtained from

the data file. The boundaries demonstrate the rigid wall

that was articifically imposed. The one open spot is at

the Strait of Sciliy. Because the labeling in the Disspla R

plot is sparse, a printer plot of the same data is shown

in Figure 9. Since each contour is labeled by a letter,

actual values can be read off this plot.

A two week interval was modeled using 56 time steps

of 6 hours each. A great number of output plots can be

* produced from the data files which were generated during

this run. Indeed, there is no limit to the data

representations available. Most major quantities can be

* displayed on vertical slices of arbitrary great circle

arcs. Additionally, horizontal slices can be displayed at

arbitrary depths. The plotting programs perform the

C required interpolations, so that the spatial

representation in the code does not impose limits on how

the data may be displayed. A representative sample of

C possible output plots follows. m
The general shape of the vertically integrated flux

as shown in Figure 10, with actual values appearing in the

printer plot of figure 11. The remainder of the plots
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show quantities on the great circle with endpoints at

lIeE, 35°N and 37° E, 35°1N. The temperature is displayed

in Figure 12. This figure has the depth adjusted so that

the entire vertical extent of the simulation is shown.

Figure 13 is the same display with the maximum depth

adjusted to 600 m. Such a plot allows closer examination

of surface dynamics. The same set of plots for salinity

are shown in Figures 14 and 15. Once again the entire

vertical domain, and a closer look at the surface are

shown.

A similar set of plots were also generated from the

velocity data. Figure 16 is a plot of u velocity. For

this slice, a positive u velocity is a velocity

approximately to the right. Since this is a display on a

great circle arc, rather than an arc of constant latitude,

the velocity is not exactly in the plane of the plot.0i
Figure 17 is a plot of v velocity. Again, for this slice

which runs approximately east-west, a positive v velocity

is a velocity roughly into the page.

The last two plots, Figures 18 and 19, demonstrate -

the new ability of the code to plot the two components of -.-

the geostrophic velocity. The comments made in relation

to the velocity also apply here.

LI
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6.4 Conclusion

The Sigma code is now working in the eastern basin of

the Mediterranean. Externally supplied data has properly

been integrated into the code for both bottom topography

and initialization. In addition, a combined inflow-

outflow condition at an open strait is working.

Actual simulation studies will involve longer runs.

A detailed examination of the possible output displays,

made in light of the topography of the region, will

provide an insighb into the processes at work. As such

studies are performed, it may become evident that changes .

in the externally supplied data are necessary. These may

include the addition of new data (e.g. wind forcing), or

the use of better data than is currently used (e.g. EOTS

rather than climatology).
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Appendix B

TAPER JSL to Produce Combined

Data Set and Listing of TAPER2

L.



96 1E~5.27 LISTIN O CE T W D 0A TA 02/15/84 PG

OBTED ON 02/15/94 AT 15:37:12 LAST UPDATED ON 02/15/94 AT 15:37:12 DY 9MS VESION 5.27
INME USER INFW OI

I c TWOATA 1
2 / C Mm TWMIATA 2

63 icon TIWTA 3
4 /CC" GET IS LIKE ASS TIEODATA 4
5 iCn RUET IS LIKE R fL NDTOASO TWdODATA 5
6 / CG PUT IS LIKE CATV TIIODATA 6
7 i Cn SEE IS LIKE FOSYS TWDATA 7
9 i Con TIIODATA 8
9 / CON PT IS THE PATH FOR THE TAPER OBJECT LIBRAY TWODIATA 92

to 10 CC TIIODATA 10o
11 / LIMIT MIN.? TWODATA It
12 / RO9ET O&LIB,PT/0BJLID TWdODATA 12
13 1 REL SYS.UIDOD TIIODATA 13
14 VLN( TIDATA 14

*15 LIDYP aL3LID TIIODATA Is
*16 INCLUDE TMlPER2 TIJOVATA 16

17 f REL. FT31FO01,FT323U01,FT33F001,FT34F001,FT35F001,FT36F001 TIIODATA 17
1S / REL FT4IFOI,FT4F001,FT43F001,FT4.4F00I.FT4FOO1.FT46F00I TidODATA 18

*19 / REL FT51F001,FT52F001,FT53F001.FT54F001,FT55001,FT6F00 TIIMATA 19
20 / REL MTIFOOI,FT72F001 TWODATA 20
21 / RGET FT61F00lD/NW'Y/NORDAI/FNCTAE/SAOCNI TIATA 21
22 / SET NzI TIODATA 22

C23 I REL FT06FOOI TIIODATA 23-
24 FOP FT06F00,9MI&2/20/2 TIIODATA 24
25 / FO MFT7F01IND4I50I4 TIIODATA 25
26 /' FXGT aPT= () LT--(99., ,N, ADOE24K, CT IE6000 TWdOVATA 26
27 &GE TWIOATA 27
2a 19-05, IE=28, JSz13, 151, TWOUMTA 28
29 YER-76,rI0j,AY=29,HMuJW, TIEODATA 219
30 OTz24. v Tz 1, cATST=7, TIIODATA 30
31 SIGHAT, TIIODATA 31
32 CAPII+,'t+,I1+,IP61 P71 PS' P91 TMDTA 32
33 6M1 TWODTA 33
34 i CON TWODATA 34
Z / Con wrUTr ME MTIPOOI TIEDDATA 35

*36 i CON TWEOITA 36
37 / IF TER.E.0.EFR TIIODATA 37
39 / SEE N,FT O6FOI,NAME=ILE6XD TIIODATA 39
39 / RGET OLLIBPT/IUJ.ID TWODATA 39
40 / ELl SYS.INI) TWODATA 40
41 /lE TIIODATA 41
42 LIURMY OLLID TWODATA 42
43 INCLUDE TWER3 TIDATA 43
44 1 REL FT31FO01,FT37001,FT33F00i,FT34F001,FT35F001,FT36F001 TIIODATA 44
45 / REL FT41FO1,FT4F001,pT4Foo1,pT44O01,FT4S001,T46FOO1 TWdODATA 45
46 / RE FT51P00,FT52F001,FT53F001,FTh4F01,FT5!F001,FS6F00 TIIODATA 46
47 / con TWMOATA 47
48 / CON TMER3 WITES GE FT72 ->OII SO THAT WE WILL XPB TWdODATA 48

(49 / CON TIDATA 49
50 / L F72FO0l TWQDATA so L
51 / IME FT7IF001,FT72F001 TIDATA S1
52 /PDOPT7700.PS.ROD IlIDDATA 52%
53 / FET VT61O1,AFFILIND/SAI/SEFJI/USER/IEN/CLUAT TIIDTA 53
54 / SET Not TWODATA 54

B-1



SM6VEION5.7 LISTINGOF ECK T WOD0A TA 02/15184 PAM

55 I REL FT06FOO1 TWiOIMTA 55
56 I FO FT06O1IB& b2/20/2 TIIOIATA 56
57 H FOT OPT=(1, LTP 99, ,N) , A19924K, CPT IMf.40 TWODA(TA 57
59 &OE TWIMATA 59
59 19405, 1Ez29, JSxl3v JE41, TIIICATA 59
60 MWN20, SINT, TWdOIATA 60 -

61 AM6 TWdOMTA 61
62 T SM TWdOLATA 62
63 T0400 J ThlODATA 63
64 T0600J TWdODTA 64
65 T0800 J TWdOBATA 65
66 T1000 J TWiODTA 66
67 T1500 J TWODTA 67
68 T2000 J TWO3ATA 68
69 T3000 J TWdODTA 69
70 T4000 J TWIIATA 70
71 T5000OJ TIIODATA 71
72 SM OJ TIIODATA 72
73 S0050 J TWdODATA 73 -

74 50100 J TWODATA 74
75 S0200 J TIIODATA 75
76 gm j TIIODATA 76
77 S1000 J TWdODATA 77
79 S2000 J TWODATA 79
79 S3000 J TWDATA 79
90 S4000 J TWODATA 80 -

81 95000 TidODATA 91
82 / IF TMNE.0EM TIIUDATA 82
93 / PUT FT2FOO1,USIINITLDTA TWODATA 83
84 / SEE N,FT06F001,WEILE6TWdD TWdODATA 84
95 / IL FT31FO01,FT32F001,FT33F001,FT34F001,FT35F001,FT36F01 NWODATA as
86 / RE!. FT41FO01,FT42F401,FT43F001,FT44F001,FT45F001,FT46F01 TIIODATA 86 P w
87 / RE FThlF0G1.FT52F001,FT5001FT54F01,FT5F01.FT6f00 TWODATA 87
88 /Ew MOP TWdODATA 89

08 ACTIVE IDES) 0 INCTIVE LINE(S

$81 SM167 P139 DIRECTORY FOR NEWSPL FILE SUCCESSRILLY "TDAED FOR MUO TWODATA

B-2
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Appendix C

Plotting Routines
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Appendix D

Main Program for ~JVPLOT
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Appendix E

Listings Required for Mediterranean Tests
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M 05105.V7 LIVIGOFDECK TO0POG 02/15/34 PGE I

CA19 0 02115/3 AT 11119103 LABY T EI~ D ON 02/15/94 AT 11219:03 BY SMYMION 5.27
LmftEI uo DmIVTION

I /FIL uIW aV MIau TOPOU I
2 FROM ITTM TOWU 2
3,1 TOFUO 3
4 S TOPOO 4
5 8 as Saa LUIUI hithIN 333333TOFU 5

TOFU 9POO 9
10 1 TOPOU 10
It I T(l) T(2) T(ll TURDP TOFUO 1I
1231 TOFUG 12
133 8 TOFUO 13
14 1 Z11) Z42) ZCIF) TUFIIO 14
15 3 TOFUS 15
1631 TOFOG 16
17 S THE ACTL. 9UII3 MIN HAS IF-2 INIU'.9 $0 MA Fl TUFUG 17
1s I T(2) TO T(IF). (TI) AND T(IFPI ME EXTRA POINTS.) TOFUO 19
19 3 WOOU 19
20 3 Z 19STARD UNT TAND IS DEFIEDRON A XF NCEL TOPOU 20
21 S TOTIE LETOFTHE M N TO AFEH CL ON E RIGT. TOFUO 21
23 TOFUO 22

23 1 ME PUlS TO ARINJIDE 1111W A11A. LOCATION3 IN rl3 l O TOFUS 23
24 3 WE NE HE EPT (. THAT IS A K WICHIS LOB TOFU 24
25 1 THANTIEVOMIN YHAL5F ESHCE.L3LONfSIMES. SINCE TOFUO 25
26 8 TIE DATA SAE POINTS AM LMVAJD ON TE HALF DERE, IT TOFUS 26
27 8 19 BETER TPMI AMLOCATED AT N +1/2. TOFUS 27
2338 TOFUO 29

*29 3 UUOUTE NEW1S IS IN THE MIN S1N CODE TOFU 2
33 TOFUS 30

31 PAETER P1F4,P.F-2O TOFUS 31
32 DINENSION Z(PIF,PSF),IIMi301,91I,LAUO'IF)PII(P1F) TOFUS 32
33 MEL 34 LAM,LNIN,LDIF TOPOU 3
34 WU.IST/IISIN/UmIL IN.MXFIIIN, IF,L9PzAC:.XP9PAC TOFUO 34

723TOFUD 35
36 CALL R4STO T11OU 36 5-
37 xIM". TOFUS 37
3 XPSPA.N. TOFUO A
39 EAD 15EDW1MN) TOFUS 39
40 IF fIF.OT.PIF At3. JF.GT.PJF) STO 00 TOFU 40
41 PRINT 9O2,LNIN,UIXJPNINFMX,IF,SF TOOB 41

C42 902 F~liT (iI' THE MIN MM MON1 '*F&.1 TOFUO 42
43 t I r 0V TO '.Fb.. II I EASTM e TOFU 4a
44 ,F6.t' IM S NTO *,Fb.ls, DEES NO TH.'. TOMU 44
4a . h110' DE NEH IS I IFx) ', 13o' BY (IF=) 1, 139 1. ) OPB45
46 IF (RIL E.O.) PRINT 9O51LUPA TOFU 46
47 IF 4 1WCJ..) PRINI 906.WFm TOFU 47
4 W0 FPIMP Vll' THE WIIU LONITIE SKIM IS %IPEIO. 3 TOFUO 4

.9 *,*13'IOW 49L
SD 9% FWiT //,' TE W1UAATIU DE SPAINGIS,FEIO. 3 TOU SD
51 OWEE') TOFUB 51
52 WID 1 (1W~ 52

Um 251W TOFUB 53
54 E (1) Vi TOFUB 54

E- 1



96 YMIn u5.V LISTIN aW m iurTuuP0 02/15/64 PG 2

U5 CALL MESIMLNNM1X,1LIA,0) TOFU 3
56 CML FeIUTFWI,JF,FNFWXPYVM.0) TOS
57 I~fHtIF -I RPMG 57
a9 %MF .- I TOFU so
59 U 00 182, IFIP TO 59
60 M 200 J2,JN1 TOFU 60

*61 200 CALL 1NW(ZI,J,LM(I),PH(J),inC) TOFU 61
6281 TOS 62 -

63 100 (MUSLE ToFU 63
645s TOFU 64
65 8 FIX UP ENISMIE TOFU 65
66 8 TOFU 66
67 U 210 J.2vJI1 TOFU 67
be Z42 ,JDI. TOFU 66
69 210 ZQI1,J)u1. TOFU 69
70 S TOFU 70
71 UO 220 1=2, IFNI TOSU 71
72 220 Zil,2)at. TOSU 72 -

73 C TOFU 73
74 U 230 1415,IFNI TOPOG 74
75 230 ZfI,JII)u1. TOFU 75
7681 TOFU 76
77 13 0 MIIMIM OB7
78 TOFU 79
79 U 300 J'2,FNI T 79
90 Z(19J)-Z(29J) TOFUG 90
of 30 ZIIF.J)OZIIFI9IJ) TOFU. at
82 U 350 lat. IF TMF 82
m ZfIl~xZ(I,2) TOFU 93
94 350 Z(9J)aZflIJMI) TOFU 64
85 TOFU 95
96 $ lMu uTOSftLIM VID TOF 96
97 I TOFU 97
* U4W Jm1,%F TOFU 90
89 U 400 la1, IF TOFU. 9
90 40IF (Z(I,J).LE.1.) ZII,i)ul. TOFU 90
91 3 TUFOO 91
92 S FtfIT1LP TOFU 92
9331 TOFU 93
94 C U 510 Ilal.2 TOFU 94
95 C UI.481- 2 TRPU 95
96 LUN'2 TOU 96
97 ORI,4IN 1A OL1 MADOIN, WIF,F LW. CS ToFU 97

91 90 MT (F7. 1,217, 1FEI0.3) TOFU 99
M4 500 a1, IF TOl'U 9

1IN 500 UIIE(W198) (Z (1,J),Jm1,JF) TO 100
101 903 UUST (1W7. 1) TOFU 101
102 510 ITIIIE TOFU. 102

*10351 ToFU 103
104 CALL FRT(0 9'MWh',Z,PIF,P 1F,1,1,.lNE.,0) 11105 104
is5I ToFU 105
106 orW TOS 106
IN H TOU 107
101 OMMINE1 OMW (Z,LAIFWID) TOFU 108
10938 TOFU. 109

*110 8 M1 IM IS LMAYM AT 10' IrNLL THE LIM LEFT TOU 110
la I C 11 3 I T-0 ML NO +A EDL TOFU. III
112 1 TOFU 112-
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96 EI 5.27 LIST~11 O M TO0POG 02(10/94 PROE 3

113 1 IL aS &. MSE ~ 1E lIE EliM LOWER DATA MEPOINT. St o1I' 113

114 I In Sj ME THE FKTiaS net THE WflN. POINT 1 IS M IL AND TWOO 114

115 1 JL. IT ISIFS91.5, Y E WMA~L POINT IS J AYBEUMo 115

£1, ~ i ~TOPO 119

120 M1YA LM-10./-PJ30.i TWINI 120

121 1 iWOO t21

122 XL.LM ) 1 6. TOPM12
123 IL-IFI XL) 1110 12N

*124 WaIl.+I 1110 125
t5IF (IL. LT.1 I Al. IU.GT.301) CALL STPP 11106 12

126 .(1 VW EGIM 00E NOT LIE CIWLETELY IM DATA SE S') Tl 2

127 91.3. - FLI3T(IL) 11106 127

129 * T"10 129
129 XVaIPWI-MC) ISb. TOIN 120
130 J...IFIX(IP) 1010

*131 JkJ* + I im 131

132 IF (JULT. I.AR. Ji.BI.91) CAL STOPP 110 132

133 (1 YU RI GElES NOT LIE (flVLETELY CM DATA SE M' 10 133

134 SAIP - FLCAT(,L 110 t34

135£ tTING 135

is6 SI . - SI 1100 136

131 Sil.1.-S TWO 137

13 1. DIIL,JL) I SIRSI SJR TOPG 1in L

139 ZZ + MUI St)I I 593 TU'UB 139

140 ZuZ +D(IU,JL) I SIR I SJO 4

141 ZxZ + D(Iu,Ji) I SI IT1100P 140

142 I 1190 142

143 8 um10 143
14FWTOPE 144

145 Be 110 145

146 / IF EAE.0.KIP 11111 146

147 AM~l FTOIFOOI1S/NT11 I110 147

148 EL. FT02F0O1,FT06M0O,SEE 1100 146

149 I P FT190LEC.1t26,SZ- ,PO~m,lIS TWO 149

150 IOIT 1(100 151
151 &MIN 10 15

152 UHIIUIO., LM137., Arm0 152

t53 FRINUM, PJa35., U110 153

154 1P463, 52201 11100 154

155 ILSPMO.. IPPAO. 110 13

156 m11 TO111 156

(157 1PUTf FT02IOOI,S/1131A T110 157

150 / PTf SEE.S/T 111 158

159 /S9KIPW 110 159

159 ACTIIE LINE(S) 0 ICTIYE LIME(S)

* £55 3159167: P DIECTIUM FOR MMW FILE SICIEhUFILLY "TO11 FOR MM 1100

E-3



-N US' ION 5.27 LISTING OF OiC L 0 C A T I0 N 02./15/84 PAGE -

CIXED ON 02/15/4 AT 11:19:04 LAST UPOAT8 ON 02/15/94 AT 1119t04 BY SM E ROSION 5.27
LmNE UER INWH ON'TlO

I I LIMIT MIl'2 LOCATION I
2 / FIL LI IPT/MLID LOCATION 2 --

3 01lEION XLAT(63,63),XLOO(63,63),O(63,b) LOCATION 3
4 CALL RSST LOCATION 4
5 W190. I (4.ATM(h.)) LOCATION 5
6 3 LOCATION 6
7 CALL GRIM(1,63,1,63,I.ONS, XLAT,D) LOCATION 7
8 XI9&=LONO I RD LOCATION 8
9 ILAT ,,KLAT I RD LOCATION 9

t0 I LOCATION 10
11 000. LOCATION I1
12 DO 10 J=1,63 LOCATION 12
13 00 10 a1163 LOCATION 13
14 IF (f XLAT(IJ).E.32. A.. ILAT(IJ).LE.38. ) AI. LOCATION 14
15 (XLOISI,J).GE.IO. .N. X1LN6(I,J).LE.37.)) D(I,J)m1. LOCATION 15 -
16 1o CUITINIE LOCATION 16
17 $ LOCATION 17
to 19.0 LOCATION 1s
19 15 19IS9+1 LOCATION 19
20 W 20 J"1,63 LOCATION 20
21 IF (O(IS,J).EO.t.) 00 TO 25 LOCATION 21
22 20 CONTINLE LOCATION 22
23 O 10 15 LOCATION 23
24 25 COIMNLE LOCATION 24
25 8 LOCATION 25
26 IEx4 LOCATION 26
27 30 1EIE - I LOCATION 27
29 0 35 J01,63 LOCATION 29
29 IF (D(IE,J).EO.1.) GO TO 45 LOCATION 29
30 35 CONTIME LOCATION 30
31 00 10 30 LOCATION 31
32 45 CONTIME LOCATION 32
33 LOCATION 33
34 i LOCATION 34
35 50 S1.3 + 1 LOCATION 35
36 90 55 ImISIE LOCATION 36
37 IF (D(,J6l.8.L.) 00 TO 60 LOCATION 37
36 55 CINTINE LOCATION 39
39 00 TO 50 LOCATION 39
40 60 CUNTINLE LOCATION 40
41 1 LOCATION 41
42 ,s64 LOCATION 42
43 65 ,JEE - I LOCATION 43
44 DO 70 l"IS, IE LOCATION 44
45 IF (D(I1,E).E.t.1 13 TO 75 LOCATION 45
46 70 CONTIMNE LOCATION 46
47 0 T 065 LOCATION 47
46 7 COITINE LOCATION 46
4 LOCATION 49

S JA 3+ JE LOCATION 50
51 D0 200 I.IS,IE LOCATION 51
52 S LOCATION 52
m O W.,E LOCATION 53
54 10 LOCATION 54

E-4
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M YU SION 5.27 LISTING OF OEM LOCATION 02/15/9 PE 2

U IF (DII,J).U.I.) W TO 95 IATIU 5
56 90 aOTIIIE LOCATION 56
57 1 L8IMI' 57
S95 COlTIIME LOCATION s
59 000 ,JE LOFATION 59
60 .L.-J - LCATION 110
61 IF (D(I,J).M. .) 0 TO 105 LOCATION 61
62 tOo CONIME LOCATION 62
63 1 LDATION 63
64 105 CEIM E LOCATION 64
65 PRINT 902,1 ,,1 ,J. LMATION 65

* 66 902 FW4IT (' AT la ', 12,' j JBFro 12, TO ',12 LOCATION 66
67 200 CTDE LICATION 67
6 I LOCATION 66
69 a LEA AN EXTR OE ALL HE iMY Mulh FIR TIE INIUATION LOCATION 69
70 1 LOCATION 70
71 Is5 - 1 LOIArImO 71
72 IEI + 1 LOCATION 72

* 73 "3- I LOCATION 73
74 dlE3%E + I IOTION 74'
75 S LOCATION 75

76 PRINT 901, 1, IEJ LOCATION 76
77 901 FOR ( I.',I2,' IE=',12,' JIM,12, '  JE=',12) LOCATION 77
78 EN tOMTION 78
79 / OIT LOCATION 79
90 / IN IM I LOCATION so

60 ACTIVE LIE(S) 0 INACTIVE LIN(S)

8l 91167 IOS DIIECTORY FOE MOM FILE 9S9WFI±Y IATE FOR OE0 LOCATION

SK INITI,ACTIMO"

S
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n WSION 5.27 LISTING OF E I N I T I A L 02115/84 PM I1

MATED ON 02/15/M AT 1111"05 LAS UPDTED ON 02/1514 AT 11:19105 BY SO VION 5.27
LH I UM IWIMTIOI

I / GT OU.IDPT/ULID INITIAL I
2 / LS INITIA. 2
3 LIMW SLID INITIAL 3
4 INCLUDE TAPW INITIAL 4
5 I 1 M m T T4,TIVAI4N/.I.AT,CAPA7H.S/INlLTA,; INITIAL 5
& DIIMI-2000,FILESIZEA20,LQIA8 INITIAL 6
7 ME INITIAL 7
I I945, IEnO. 431, E40, INITIAL a
9 NPOR20 SIW T, INITIA. 9

10 1m  INITIA. 10
11 T gEM INITIAL 11
12 TO400 A INITIAL 12
13 TOO A INITIAL 13
14 TOM A INITIAL 14
15 rim0 A INITIAL 15 ....
16 T1SO0 A INITIAL 16
17 T2000 A INITIAL 17
18 TW0O A INITIAL 19
19 T4000 A INITIAL 19
20 T1000 A INITIAL 20
21 SO000 A INITIAL 21
22 90M A INITIAL 22
23 90100 A INITIAL 23
24 S0200 A INITIAL 24
25 900 A INITIAL 25
26 91000 A INITIAL 26
27 92000 A INITIAL 27
29 S3000 A INITIAL 28
2q S4000 A INITIAL 29 -

30 95000 A INITIAL 30

0 ACTIV LINES) 0 INTIW LIE(S)

88 n167 POD DIFICTOY FUR IEIWL FILE 31JESML.Y UTIED FiM DO INITIAL
IOOK IIMBACTIORADD.

E'1
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96 ERIN5.27 LISTI)6OF M FR0C I NG 02/15M5 PAK I

OATS 00 021151K AT lit 19t10LA LM PATED CN02/15/81 AT 11119101 B VS YEKIM 5.27
L~uin Um UeinMrTIG

1 / FET IL3PTISLI3 FOACIN I
2 /UffK FWIINB 2

*3 LIY ULLID F(3C113 3
4 IIOJE TMU MSCM 4
5 MOMWEA TWA11WIIIAMCAPA1W4/FPCIUN FINB 5
6 M 11f0006FILE9IZE.20,W F16IM &
7 AM ING 7
9 YW 77, NIDANI, 13Yu79 D~m4, FICIIS 8

*9 19.45, IEsM, Jils31, JEs40 MINI 9
10 NraSI. Or*&.I FMINB 10
11 SIWADT, WNWA~, FURCINB 11
12 A9 WUIND 12

12 ACTIVE LIPE(S) 0 DIV LIME(S)

81* 6167 1P13 DINETNY FORNUKIW FILE hiE~l9RLLY 11MYED FMN ME FIND

*l
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